Objectives: To evaluate the immunization ability of three Leishmania major antigens including formaline killed promastigotes (FKP), autoclaved Leishmania major (ALM) and soluble Leishmania antigen (SLA), they were used to immunize BALB/c mice in association with a mixture of alum and naltrexone (Alum-Nalt) as adjuvant. Methods: Each mouse from any of three groups received FKP, ALM or SLA antigens. Three additional groups were injected with same antigenes plus Alum-Nalt. One more group was injected with PBS to be the control group. Booster injections were given at 14th and 28th days. Two weeks after the last immunization, seven mice from each group were exposed to live promastigotes subcutaneously, and skin lesion formation among each mouse was monitored and recorded for 60 days. One week later, cellular and humoral immune responses of other immunized mice were evaluated by measuring the serum levels of anti-ALM-specific IgG1, IgG2a and total IgG antibodies, splenic anti-ALM-specific IFN-c and IL-5 production and splenic lymphocyte proliferation after adding ALM. Results: In the challenge test, all mice immunized with ALM antigen and Alum-Nalt were prevented from formation of skin ulcer. Also, the mice from the same group showed higher IFN-c production and splenic lymphocyte proliferation and higher anti-ALM-specific IgG2a production. Ó 2018 Alexandria University Faculty of Medicine. Production and hosting by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction
Zoonotic cutaneous leishmaniasis (ZCL) is caused by the intracellular parasite Leishmania major and is transmitted by the bite of sand flies. The disease is endemic in more than 88 countries with about 12 million infected people. The incidence of cutaneous leishmaniasis is approximately 1.5-2 million people per year and it is one of the WHO's controlling priorities. Clinical signs are variable depending on the host immune responses. [1] [2] [3] [4] Any of measures to prevent leishmaniasis including vector and reservoirs control and treatment procedures, have their own limitation. It seems that immunization of individuals at risk is the most effective prevention method. 5 Immunization against leishmaniasis includes the use of killed, molecular or fractionated vaccines, and leishmanization. 6, 7 The goal of vaccination is to create effective and long-lasting immune responses against the infection. Subunit vaccines have been used, but for enhancing the efficacy, it is necessary to be used in association with adjuvants. [8] [9] [10] Because Leishmania is an intracellular parasite, cellular immune responses are required for diseases control. 11 Therefore, the antigen and adjuvant that are selected for vaccination against leishmania, should be able to induce cell mediated immunity responses. Alum is the only adjuvant that is authorized by FDA for use in human vaccines. 12 Alum acts by creating a source of antigen at the injection site and activation of complement, eosinophils and macrophages. Unfortunately, alum salts are relatively weak adjuvants and stimulate humoral immune responses. Also, when alum is used intradermal or subcutaneously, allergic reactions and granuloma formation can be seen at the injection site. 13, 14 Using opioid antagonists as adjuvant can shift the immune response to Th1 profile. 15, 16 Our previous studies have revealed that naltrexone is an opioid receptor antagonist and is able to activate Th1 and suppress Th2 cytokines via elimination of endogenous opioid peptides effects and therefore the use of naltrexone as an adjuvant in a vaccine model, can shift the immune response to Th1 profile and result in enhanced immunogenicity of the vaccine. 17, 18 In this study a mixture of alum and naltrexone was used as adjuvant in combination with three different Leishmania major antigens including formalin killed promastigote antigen (FKP), autoclaved Leishmania major (ALM) and soluble leishmania antigen (SLA) to evaluate and also compare the immunogenicity potential of each antigen in inducing cellular immune responses.
Materials and methods

Animals
Six to eight weeks old female inbred BALB/c mice were purchased from Razi Institute of Iran and divided randomly to seven groups, each group containing 20 mice. All experiments were done following the protocol that was approved by the Institutional Animal Care and Use at the Urmia University of Medical Sciences, Urmia, Iran.
Preparation of autoclaved Leishmania major (ALM) antigen
ALM preparation was performed according to a previously described method. 19 Briefly, The MRHO/75/IR/ER strain promastigotes of Leishmania major were cultured in RPMI 1640 including 15% fetal bovine serum (complete culture medium or CCM) and incubated at 24°C in a shaking refrigerated incubator. Cultured promastigotes were harvested at stationary growth phase and were washed five times with sterile PBS (pH = 7.2) by centrifugation at 2000g for 15 min at 4°C. The sediment was homogenized with glass-glass homogenizer on ice for 20 min and was autoclaved at 121°C. The protein concentration was assayed by the Biuret chemical method and the sediment was stored at À20°C until use for mice immunization.
Preparation of formalin killed promastigotes (FKP) antigen
Promastigotes in stationary phase were washed three times with cold PBS and 10 ml of 0.1% formalin was added to the sediment and the suspension was kept overnight at 4°C and washed with PBS three times by centrifugation at 2000g for 15 min at 4°C. Formalin killed promastigotes were counted and adjusted to 10 7 promastigotes/50 ml PBS. The prepared antigen was stored at À20°C until use. To make sure that all promastigotes have been killed, sediment was added to CCM and placed in a shaking incubator for two weeks and was examined under the microscope. 20 
Preparation of soluble leishmania major antigen (SLA)
Promastigotes in stationary phase were washed three times with cold PBS and were counted and adjusted on 2 Â 10 7 /milliliter. Freeze/thawed was performed five times at À70°C and room temperature and as described above suspension was homogenized on ice and centrifuged at 10,000g for 120 min at 4°C. The supernatant was concentrated by dialyzing against polyethylene glycol (Sigma, D0655). The dialyzed fluid was sterilized by passing through a 0.22-l filter. The protein concentration was assayed by the Biuret chemical method and the sediment was stored at À20°C until use for mice immunization.
Immunization
Each member of mice groups received subcutaneously the specified injection doses as shown in Table 1 on the 1st, 14th, and 28th days.
Lymphocyte proliferation assay (MTT)
Three weeks after the last immunization, six to seven mice from each group were anesthetized by peritoneal injection of 50 ml of a mixture containing three volumes of PBS, two volumes of ketamine and one volume of xylazine. Blood samples were collected by cardiac puncture and serum samples were separated and stored at À20°C until use for determining anti-ALM specific antibodies. Euthanasied by cervical dislocation, mice spleens were removed and crushed in RPMI 1640 without FBS (PCM) in the glass-glass homogenizer. The suspension was centrifuged at 2000 rpm for 5 min. The sediment was solved in 2 ml of PCM and 13 ml of 0.9% ammonium chloride was added for RBCs to be lysed. The tube was centrifuged for 5 min and the splenic cells were washed twice with PCM. Two milliliters of CCM was added to the sediment and viable cells were counted, using trypan blue dye, and were diluted to 10 5 cells in 100 ml of CCM. The cells were dispensed in 96-well culture micro plates (each mouse ' s splenocytes were plated in duplicate). The cells of antigen wells were stimulated with 20 ll of ALM antigen, and the volumes were adjusted to 100 ll per well and 100 ll of RPMI medium was added to control wells). Microplates were incubated at 37°C with 5% CO 2 in moist condition for 48 h. Then, 20 ml of 5 mg/ml MTT solution [3-(4,5-dimethylthia zolyl)-2,5-diphenyltetrazolium bromide]. [1] [2] [3] [4] 13, 21 (sigma:M5655-1 g) was added to all test and control wells. Incubation was performed again in the same condition for 4 h. The microplates were centrifuged at 2000g for 10 min and the supernatant was removed from each well. For solubilizing the resulting crystals, 100 ml of DMSO was added to each well. Optical density (OD) was measured at 540 nm by ELISA reader. The differences between optic densities of antigen full wells and antigen free wells were calculated for each mouse of various groups, and the obtained values were recorded as the result of MTT test. 22 
Cytokine assays
Splenic cells were cultured in the same way that described in the previous phase except the longer incubation time (72 h). After centrifuging, the supernatant was aspirated from each well and stored at À70°C until use for splenic IL-5 and IFN-c assays using ELISA kit 23 )Mouse IFN-c ELISA development kit, MABTECH, Product code: 3321-1H-20 and Mouse IL-5 ELISA development kit, MABTECH, Product code: 3391-1H-6).
Antibodies assays
Using the serum sample that were secluded in the lymphocyte proliferation test, Anti-ALM specific total IgG, IgG1 and IgG2a antibodies were measured among different experimental mice groups. An aliquot of 100 ml of 10 mg/ml concentration of ALM in 0.05 M carbonate-bicarbonate buffer was add to each of 96 well microplates and incubated at 4-8°C for overnight. Wells were washed and were blocked by adding 1% BSA in PBS. After 1 h at room temperature and washing, diluted serum samples (1/1000 in PBS) were added in duplicate to microplate wells. Incubation was performed at room temperature for 2 h. After washing, a diluted goat antimouse IgG1 (AbD Seroteck), IgG2a (AbD Seroteck) or total IgG (RayBiotech) peroxidase conjugates were added and microplates were incubated again for 2 h. Washing was performed and 100 ml of freshly prepared 3,3 0 ,5,5 0 -Tetramethylbenzidine (TMB)(sigma: T2885-1G) was added to each well. After incubation, reaction was stopped by adding 1 N H 2 SO 4 and optic densities for each subclass were read by ELISA reader at 450 nm and the differences between the obtained values for various groups were compared to evaluate the increase in antibody levels.
Live parasite challenge
Two weeks after the last immunization, seven mice from each group were exposed to 10 6 live promastigotes, subcutaneously on the base of mouse tail, and the mice were monitored for appearance of ulcer at the injection site for two months.
Statistical analysis
All experiments were analyzed by variance Analysis (ANOVA) followed by Tukey test. P < 0.05 was considered statistically significant.
Theory/calculation
The immune response to various antigens can be different if the antigens are mixed with the adjuvants. Protozoan parasite, Leishmania, has different antigens and there are various methods to provide these antigens for immunization and the immune response can be different depending on antigens. So, identification of more immunogenic antigens for each parasite and the needed type of immune response (cellular and or humoral) to inhibit or reduce the parasite pathogenicity, can facilitate the prevention of the disease via vaccination. Therefore, in the present study, with the aim of stimulating cellular activity, we used three Leishmania major antigens including FKP, ALM and SLA to evaluate their immunization ability in association with Alum-Naltrexone (Alum-Nalt) mixture as an adjuvant with a potential to stimulate the cellular immune response.
Results
Lymphocyte proliferation assay (MTT)
Optical density values obtained from the mice splenocytes stimulation by ALM antigen, are shown in Fig. 1 . The lymphocyte proliferation response, in the groups receiving the antigen plus adjuvant were significantly higher in comparison with adjuvant free and control groups. Maximum increasing was observed in the ALM-Alum-Nalt group (p < 0.001).
IFN-c assay
The value of released IFN-c in adjuvant receiving groups was higher than other groups and the use of adjuvant led to an increased splenic lymphocytes response in dealing with ALM antigen (Fig. 2) . Splenic lymphocytes of ALM-Alum-Nalt group produced much more IFN-c in comparison with other groups when exposed to ALM antigen (p < 0.001). Fig. 3 shows the results of splenic IL-5 production among different mice groups. The value of splenic IL-5, was higher in adjuvant receiving groups in comparison with those groups that had not received adjuvant. This increasing, in the group receiving ALM-Alum-Nalt, was more than all other test and control groups (p < 0.001).
IL-5 assay
IgG subclasses assay
Total IgG
Adjuvant receiving mice groups produced more anti-ALM specific total IgG antibody than adjuvant free and control groups and the highest level was seen in the ALM-Alum-Nalt. Group (Fig. 4) (p < 0.001).
IgG1 assay
As is shown in Fig. 5 , the value of anti-ALM-specific IgG1, was higher in adjuvant receiving groups in comparison with no adjuvant groups, and this increasing, in the group receiving ALM-Alum-Nalt., is more than all other test groups and control group (p < 0.001).
IgG2a assay
The results of anti-ALM-specific IgG2a assay is shown in Fig. 6 . The value of anti-ALM specific IgG2a, was higher in adjuvant receiving groups in comparison with adjuvant free groups and this increasing, in the ALM-Alum-Nalt. group, was more than other test and control group. So, ALM-Alum-Nalt group, has more statistically significant difference with other test groups and control group (p < 0.001).
Challenge test
No ulcer production was observed in the seven mice that were exposed to live promastigotes in ALM-Alum-Nalt group. The percentage of skin lesions production among the other mice groups, are as follows: SLA-Alum-Nalt: 28.57% (2 out of 7 mice), FKP-Alum-Nalt: 28.57% (2 out of 7 mice), ALM without adjuvant: 42.85% (3 out of 7 mice), SLA without adjuvant: 57.14% (4 out of 7 mice), FKP without adjuvant: 66.66% (4 out of 6 mice. One of Fig. 4 . Comparison of optical densities from ELISA test for serum anti-ALM-specific total IgG among different groups of mice. ( * : p value < 0.05/ ** : p value < 0.01/ *** : p value < 0.001).
these mice was died before completion of the test.), and in the control group, 83.3% (6 out of 7 mice).
Discussion
As Leishmania major is an intracellular parasite, control of zoonotic cutaneous leishmaniasis mainly relies on cellular immunity. 24, 25 Huge number of vaccine strategies have been trailed including the use of live vaccines (leishmanization), killed vaccines, Recombinant proteins, novel vaccine strategies and genetically modified parasites (DNA vaccines). [26] [27] [28] Also, different adjuvants have been used for developing an effective vaccine against L. major such as Granulocyte macrophage-colony stimulating factor (GM-CSF), Bacille Calmette Guérin (BCG), Montanide ISA 720, Aluminum salts, Monophosphoryl lipid A, Saponins (Quil-A, ISCOM and QS-21) and Freund's adjuvants. 29 To date, no approved vaccine has been developed for human leishmaniasis, 30 Therefore, selection of antigen and adjuvant has a great importance in vaccine developing studies. 31 In this study, three different L. major antigens were utilized (formaline killed promastigotes (FKP), autoclaved Leishmania major (ALM) and soluble Leishmania antigen (SLA) which were used in previous studies). Additionally, alum (known adjuvant usable in human vaccines) and naltrexone (it is already used as a medicine in humans) were used as adjuvant because of their good act in stimulating the immune system in our previous studies. 18, 32 In present study the aim was a comparison between immunogenicity potential of ALM, FKP and SLA antigens.
There is a close relationship between IgG different isotypes production and T cell-specific cytokines (such as IL-4), so that IgG1 production is dependent on TH2 relative cytokines 33 and TH1 cytokines including IFN-c influence the production of IgG2a. 34 In our study, serum anti-ALM total IgG, IgG1 and IgG2a antibodies showed a significant increase in comparison with control groups, indicating that Alum-Nalt has induced effectively cellular and humoral immune responses.
Our results showed that, ALM antigen in association with Alum-Nalt adjuvant enhances both cellular and humoral immune responses including splenic lymphocyte proliferation and production of IFN-c (the major cytokine in cellular response against L. major infections) and IL-5 cytokines (one of TH2 cytochines). Enhanced levels of Th2 mediated factors including splenic IL-5 and serum ALM-specific IgG1 in adjuvant groups in comparison with adjuvant free groups, have confirmed the potential role of alum in shifting the immune responses to humoral immune profile and increased levels of cellular immune mediated factors including splenic lymphocyte proliferation responses, splenic IFN-c and serum ALM-specific IgG2a in mixture adjuvant receiving groups in comparison with adjuvant free groups, have confirmed the potential role of naltrexone in shifting the immune responses to Th1 profile. Furthermore it was understood that Alum had a synergistic effect on naltrexone by an increased antigen presenting activities. Comparison between the results of adjuvant and adjuvant free groups, showed the adjuvant mixture ability in increasing immune activities at both Th1 and Th2 cells against the antigen.
As mentioned above, the most effective immune response against many pathogens, even for some obligate intracellular pathogens, is an immune response that combines both humoral and cellular components. Furthermore it was understood that the mechanism of naltrexone action is to provide a pro-inflammatory milieu by blocking opioid receptors or to trigger a low-grade inflammation by increasing the release of local parainflammatory neuropeptides. Alum had a synergistic effect on naltrexone by an increased antigen presenting activities and alum can indirectly increase the expression of neurokinins on local innate immune cells. 35 The alum mediated increase in the expression of neurokinins may increase the effects of naltrexone induced proinflammatory neuropeptides on innate immune cells. Also, according to our results, adjuvant receiving mice groups, have lower lesion formation in comparison with adjuvant free groups and no wound found in ALM-Alum-Nalt group that indicates the high efficacy of ALM antigen and Alum-Nalt adjuvant in comparison with FKP and SLA antigens.
Conclusions
According to the results from this study, the combination of ALM antigen of L. major and Alum-Nalt adjuvant is capable to activate cellular immunity and prevent formation of ulcers, but for the next studies we recommend a greater number of cases to be used for challenge test.
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